Introduction
============

Heart and blood vessel diseases are the leading causes of death and disability worldwide. An additional problem with these patients is the fact that they have an insidious course of disease progress, because they are asymptomatic for a long time. The first manifestation is often a life-threatening condition {myocardial infarction, stroke, ruptured Abdominal Aortic Aneurysm (AAA)}. Screening procedures, primarily duplex ultrasonography as non-invasive diagnostic procedures, could help in the early detection of potentially dangerous pathological conditions.

In the sixteenth century, anatomist Vesalius[@B1] presented the first description of AAA, and in 1817 Sir Cooper Astely performed the first attempted surgical treatment of AAA. The first modern surgery of AAA was performed by Dubost et al.,[@B2] a French surgeon, in 1951. The further development of AAA surgery enabled the work of the creators of modern cardiovascular surgery, Americans De Bakey and Cooley.[@B3] Parodi et al.,[@B4] a radiologist from Argentina, presented the endovascular treatment of AAA in 1991.

Predisposing factors for their occurrence are: smoking (AAA is eight times more frequent among smokers than among nonsmokers),[@B5] years of age (the incidence of AAA is 5% higher among men older than 65 years of age),[@B6] gender (there is a four times higher incidence among males than females),[@B7] hyperlipidemia, hypertension, family tendency (AAA occurs 4-6 times more frequently in male relatives with the risk of rupture of 20-30%). Occurrence of AAA also varies depending on geographic area (English 4.7%, while among Asian people it is around 0.45%).[@B8] AAA is also less frequent in people of African and Spanish origin.

The natural course of AAA leads to complications. They are compression (inferior vena cava, duodenum, roots of spinal nerves), thrombosis (rarely completely due to the high flow, pressure, and diameter). However, parts of the clot easily and often produce distal embolisation and rupture, as the most significant complication.

Up to the 1990s, arteriography (translumbal, transfemoral) was used as the \"gold standard\" for the diagnosis of AAA, but today the diagnosis of AAA is made using modern technical facilities: ultrasound diagnostics, computed tomography, and nuclear magnetic resonance.

This study shows that 25% of patients with ruptured AAA die before reaching hospital, and 51% die in hospital without having a procedure performed. Of those remaining who undergo surgery, the mortality rate is 46% and the overall 30-day survival rate is only 11%.[@B9] According to worldwide data, the risk of rupture is dependent on the size of the aneurysm. Aneurysms of a diameter of 40-49 mm have a risk of rupture of 0.5-5% annually, a 50-59 mm diameter a risk of 3-15%, and a diameter of 60-69 mm a 10-20% risk of rupture.[@B6]

Atherosclerosis is a chronic, systemic, degenerative-inflammatoryproliferative disease. It develops primarily in large and medium arteries, with predilection at their bifurcation. It is also a ubiquitous disease (it is spread across all races, in all meridians) and begins developing at an early age, with increasing tendency with age and other risk factors (smoking, diabetes mellitus, a positive history of cardiovascular disease and electrocardiography abnormalities, hypertrophy of the left ventricular, atrial fibrillation, arterial hypertension, dyslipoproteinemia, hyperhomocysteinemia, and psycho-physical passivity, etc.). In 1951, Fisher[@B10] first described the symptoms and pathology of atherosclerotic carotid artery disease. The prevalence of significant asymptomatic carotid stenosis in the general population varies from 0% to 3.1%, which is useful to know in any discussion of the cost-effectiveness of screening for carotid artery stenosis.[@B11] Stenosis over 50% are encountered in the population in 6-11% of men over 60 years and 5-7% of women.[@B12] Patients with asymptomatic carotid artery lesions have a risk of stroke of 1.5% per year and 7.5% per five years.[@B13] The risk is higher immediately after the Transient Ischemic Attack (TIA), and continues to be about 5% during the first few months after the TIA. Of all patients with TIA, 20-25% are estimated to develop a stroke within two years. Steno-occlusive disease of the carotid arteries can cause a TIA, amaurosis fugax, Reversible Ischemic Neurologic Deficit, and various forms of stroke.

The first reconstructive intervention on carotid arteries was performed in Buenos Aires in 1951 (Carré, Mollins and Murphy). Strully et al.,[@B14] in 1953, after an unsuccessful attempt of carotid endarterectomy, performed ligation and resection of the internal carotid artery (ICA). The first eversion carotid endarterectomy was announced by De Bakey et al. in 1953. The patient was with complete occlusion.[@B15]

During the surgical treatment of AAA, undiagnosed hemodynamic significant carotid artery stenosis can cause stroke. Therefore, before any treatment of AAA we must treat hemodynamic significant asymptomatic carotid arteries.[@B16] It is also important to understand the prevalence of this phenomenon.

The objectives of this study were:

\- Determination of the prevalence of asymptomatic hemodynamic significant stenosis of carotid artery in patients with AAA

\- The correlation between the diameter of AAA on the degree of ICA stenosis and symptoms of carotid disease in these patients

\- Importance of preventive ultrasound checkups

Subjects and Methods
====================

The prospective non-randomized controlled study included 740 patients. The study was conducted in the non-invasive ultrasound laboratory at the Department of Vascular and Endovascular Surgery, Clinical Center of Serbia in the period from 1st of December 2011 to the 1st of November 2012. All patients had undergone a physical examination by the vascular surgeon who suspected the presence of AAA before an ultrasound was performed.

Criteria for inclusion in the study were patient age of 18 to 85 years (both sexes), in which AAA was verified by an ultrasound (patients were prepared for the exam-which implies that at least 12 hours before the examination they had a meal, a probe of 3.5 MHz, and measurements in the longitudinal and transverse section from outer to outer wall). All patients agreed to participate in the study by signing a consent form, and were suitable for planning surgical or endovascular treatment.

Exclusion criteria were: all patients with AAA who had been diagnosed earlier and had symptoms of carotid disease, patients who had contraindications for surgical treatment or for whom endovascular treatment was impossible because of morphological reasons, as well as previously urgently treated ruptured AAA patients. Patients underwent an ultrasound exam of carotid arteries. The examination was performed with a linear transducer frequency of 7-10 MHz. The patient was lying on their back, head turned to the opposite of the examining side. The degree of stenosis was determined on the basis of peak systolic velocity (PSV), end-diastolic velocity, and PSV ratio measurements and cross-area stenosis-mentioned consensus documents of San Francisco since 2002 were examined.

Applying these criteria, in order to meet the objectives of the study, the examination included 740 patients with complete data, on the basis of which we made a further descriptive and statistical analysis.

III 1. Monitoring of variables

\- Medical history variables (age, sex)

III 2. Statistical analysis of data

All collected data were analyzed using modern methods of descriptive and analytic statistics and the computer aided software package Statistical Package for the Social Sciences (SPSS) 12.0 (SPSS Inc., Chicago, IL, USA). Statistical processing and analysis was performed using SPSS ver. 12.0, and a graphical and tabular presentation was conducted using the Microsoft Office suite of products (Excel, Word, and later PowerPoint).

The following descriptive statistical methods were used:

Tabulation, calculating measures of central tendency: mean, median, mode, calculating a measure of variability: standard deviation

The following analytic statistical methods were used:

\- Fisher\'s exact test, Mann-Whitney U test, chi-square test, Student t-test

Results
=======

Demographic data, risk factors for atherosclerotic disease are presented in [Table 1](#T1){ref-type="table"}, [2](#T2){ref-type="table"} and [3](#T4){ref-type="table"}.

The mean age of patients who were examined was 68 years. The oldest patient was 85 years old, and the youngest 53 years. There were 650 (88%) male patients and 90 (12%) were females. Of the 740 patients who had been included in the study, 660 were asymptomatic. Their average age was 68 years (youngest 53 and the oldest 85), while the number of patients with symptoms was 80. Their average age was 70 years (the youngest 63 and the oldest was 79 years old) ([Table 1](#T1){ref-type="table"} and [2b](#T3){ref-type="table"}).

Based on the t-test (t=1064, df=72, p\>0.06) the age difference was not statistically significant in terms of symptoms.

From among the 570 male patients who had ICA stenosis less than 70%, 50 (8.8%) of them had symptoms. 50 male patients had asymptomatic stenosis equal to or greater than 70% and 30 had symptoms (37.5%). Among the female patients, the observed stenosis \<70% was found in 90 patients, and there was no case of ICA stenosis greater than 70%. All female patients were asymptomatic. The statistical analysis by the Fisher exact test, which was 0052, showed a statistically significant difference in favor of males. This means that male patients with significant ICA stenosis, more often than females, had symptoms of carotid disease ([Table 2a](#T2){ref-type="table"}).

From the risk factors in observed groups, the only statistically significant factor was hypertension. Other risk factors (hyperlipidemia, diabetes mellitus and smoking) did not demonstrate statistical significance.

[Table 4](#T5){ref-type="table"} shows that in the group of patients with smaller AAA there were 30 patients (75%) with asymptomatic significant hemodynamic ICA lesions and 10 (25%) were symptomatic. Therefore, the group of patients with small aneurysm had ICA stenosis 70% more frequently, but without symptoms of carotid disease. In the group with large aneurysms, there were observed 20 patients (50%) in each subgroup (asymptomatic/symptomatic hemodynamic significant ICA stenosis).

Both small and large AAA have the same number (40 : 40, 9.6% : 12.5%) of high grade ICA stenosis (ICA stenosis ≥70%), suggesting that there is no correlation between grade of ICA stenosis and size of AAA (40/420, 9.6% vs. 40/320, 12.5%).

Three hundred ten patients (41.8%) had normal findings on ICA with the average size of AAA in those patients of 49.5 mm, a minimum of 31 mm and a maximum of 86 mm. 350 (47.3%) patients with 20-70% stenosis of ICA had AAA with an average diameter of 42.5 mm (35-73 mm). ICA stenosis greater than 70% numbered 80 patients (10.8%) and the average size of their AAA was 50 mm (minimum 41 mm and maximum 68 mm). There were no differences in the average size of AAA and the appearance of symptoms of ICA stenosis (asymptomatic 48.45 : symptomatic 48.25).

According to the Mann-Whitney U test, Z=-0009, p=0.993, and p\>0.05, so there were no statistically significant differences observed ([Table 5](#T6){ref-type="table"}).

Discussion
==========

Asymptomatic disease is a significant problem in clinical practice, especially in a population that is not medically enlightened and is not accustomed to having regular checkups. Asymptomatic ICA stenosis and AAA are serious illnesses and the time when they become symptomatic can be life threatening for patients.

The incidence of asymptomatic AAA ranges from 3-8%.[@B17] The incidence of asymptomatic ICA stenosis depends on patient age, ranging from 0.5-10%.

The treatment of asymptomatic patients is complex, in terms of the choices of therapeutic procedures (medication, surgical, endovascular) and also deciding on the right moment for the procedures.

Today, it is widely accepted that surgical intervention or endovascular procedures on AAA are required when the diameter is greater than 5 cm or if the annual growth rate is larger than 0.6 mm, if it is eccentric or secular and if stress increases the pressure inside the aneurysm.

Predisposing factors for the occurrence of TIA and stroke are certainly atherosclerotic lesions in the carotid arteries. The frequency depends on the degree of ICA stenosis, its morphology, and other factors as hypertension, smoking, sex, and age of the patient.

Several important studies {NASCET, ECST, Asymptomatic Carotid Artery Surgery (ACAS), Asymptomatic Carotid Surgery Trial (ACST)}[@B18][@B19] have attempted to address concerns related to the incidence of symptomatic and asymptomatic stenosis, the occurrence of TIA and stroke, and what might be the most appropriate therapy for this problem.

Fayad[@B20] analyzed three major studies of asymptomatic carotid stenosis. The ACAS and ACST and Veterans Affairs Cooperative Study Group trial concluded that carotid endarterectomy reduces the absolute risk of stroke by 5.4-5.9% for 5 years, and at the same time, the preoperative risk of stroke and death was 2.3-4.7%.

In conclusion, Pierre believes that people younger than 80 years without comorbidity with low surgical risk, with moderate or severe ICA stenosis have an increased risk of stroke and death by 12% over five years. In patients with asymptomatic ICA stenosis, the annual risk of stroke ranges from 1.3-3.3%. The risk increases with a higher degree of stenosis.

Norris et al.[@B21] in his work shows that the TIA and stroke occur in 10.5% of patients with stenosis ≥75%. Carotid endarterectomy in these patients reduces the absolute risk of stroke and death by 5-6%, and the relative risk is reduced by 50%.

Chambers and Norris[@B22] analyzed work on this topic and came to the conclusion that the preoperative stroke or mortality risk was noted at 3%. Carotid endarterectomy reduces the risk of stroke by 30% in a three-year period. However, the absolute risk reduction is small, at about 1% per year.

In his work, Bertine[@B23] found that the prevalence of asymptomatic ICA stenosis ≥50% was the greatest in patients with peripheral vascular disease, at 15%, while the prevalence in AAA was 12%.

Cabellon found that of 66 patients with asymptomatic stenosis of ICA 10.6% have AAA, which was confirmed by ultrasound. Our results were similar to the results of these two authors. The prevalence of asymptomatic hemodynamic significant stenosis of ICA in patients with AAA was found to be 10.8%.

In the general population, the prevalence of ICA stenosis ranges from 13-30%. The incidence increases with the patient\'s age. Clinically significant asymptomatic carotid stenosis defined as stenosis ≥50% have lower prevalence rates and ranges from 1.5-9%.[@B22]-[@B26] In older people, it occurs in about 28% of cases, as published in the Swedish study.

In the North American Cardiovascular Health Study[@B27] and the Framingham study, the prevalence ranges from 5-7% in women and 7-9% in men. The risk of stroke in symptomatic ICA stenosis increases three times, for asymptomatic stenosis it is slightly lower and ranges from 1-1.5% on an annual basis.

The data published in the NASCET indicates that more than 45% of all ischemic strokes were caused by asymptomatic carotid stenosis. The presence of such a large percentage of non-symptomatic strokes can be explained by the presence of adequate intracerebral collateral circulation.

The presence of coronary artery disease, hypertension, AAA, and periphery vascular disease in asymptomatic carotid stenosis is a significant problem and a high-risk group in clinical practice. It is shown that stroke in coronary surgery occurs in a small percentage of less than 2%, but in the group of patients with asymptomatic stenosis, it occurs in about 8%. The frequency of asymptomatic ICA stenosis in the general population increases with age. In people younger than 50 years old, the incidence of asymptomatic ICA stenosis was 0.5%, and among those older than 65 years, from 5-10%.

Although age is an important predictor for the prevalence of ICA stenosis, in our study, we have not observed a statistically significant difference between ages in the groups with and without symptoms, probably due to minor differences in the years, since the average asymptomatic group age was 68, and the symptomatic age was 70 years ([Table 1](#T1){ref-type="table"}). The age difference is not statistically significant in terms of symptoms.

In contrast to this, we found a statistically significant sex differences. Male patients with significant ICA stenosis, more often than females, had symptoms of carotid disease ([Table 2a](#T2){ref-type="table"}).

Other authors (Framingham study) found the same results in favor of the male gender.

A recent study found that 36% of patients who are known to have AAA also have significant carotid artery disease.

Kang et al.[@B28] found that the risk of AAA is 2-3 times higher in patients with carotid artery stenosis then in the general population.

Young has described in his work a relationship between the prevalence of significant carotid disease and AAA.

Bengtsson observed that AAA diameter in patients with carotid artery disease increased rapidly. Smaller aneurysms are increased annually by 0.8 mm and aneurysms greater than 4 cm by 3.3 mm, suggesting that patients with AAA should undergo frequent ultrasound examinations in order to prevent the rupture of the AAA.

In our paper from the risk factors in observed groups, statistical significant was only hypertension. Other risk factors (hyperlipidemia, diabetes mellitus, and smoking) did not have any statistical significance on symptoms and grade of ICA stenosis ([Table 3](#T4){ref-type="table"}).

In our results we see that in the group of patients with an AAA diameter equal to or greater than 50 mm the same percentage (50%) of symptomatic and asymptomatic hemodynamic significant carotid artery lesions was detected. While in the group of small aneurysms (AAA 30-49 mm) we observed a higher percentage of asymptomatic hemodynamic significant ICA lesions, 75% compared to 25% ([Table 4](#T5){ref-type="table"}). Comparing whether patients have or have not symptoms of ICA disease, we concluded that in patients with small AAA there are more frequent patients without symptoms of ICA stenosis, even when it is greater than 70%.

Furthermore, from [Table 4](#T5){ref-type="table"} we concluded that there is no correlation between AAA size and grade of ICA stenosis (40/420, 9.6% vs. 40/320, 12.5%).

From [Table 5](#T6){ref-type="table"} on the basis of our results we also concluded that the size of AAA and the degree of stenosis do not correlate, as in [Table 4](#T5){ref-type="table"}. The group of patients without any atherosclerotic plaque in the ICA had an average diameter of 49.5 mm of AAA, compared to 50 mm, which was reported in the group with high-grade ICA stenosis (70%). Interestingly, the maximum AAA diameter of 86 mm in all three groups was found in patients without atherosclerotic plaque in ICA.

Some studies showed that the reduction of ABI for 0.2 units increases the cause of death from cardiovascular disease by 28%.

Zureik et al.[@B29] in his paper showed that the cumulative value of death from cardiovascular disease was significantly higher in patients with ICA stenosis ≥50%.

Liapis et al.[@B30] in his work observed these results: from patients that previously had surgery of AAA, 75% of them also had ICA stenosis greater then 50%, and 25% had stenosis ≥70%. This finding agrees with our opinion that routine ultrasound screening of ICA should be perform in patients with AAA.

In conclusions, the prevalence of asymptomatic hemodynamic significant stenosis of the ICA in patients with AAA is found in 10.8% of the population.

Male patients with ICA stenosis greater then 70%, more often than females, had symptoms of carotid disease.

In the smaller aneurysms, ICA stenosis greater than 70% occurs frequently, but without symptoms of carotid disease.

There is no correlation between the size of the AAA and the grade of ICA stenosis.

On the basis of previous findings it is necessary to perform a preventive ultrasound of a carotid artery in patients who had been previously diagnosed with AAA.
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Impact of patient\'s age on symptoms of carotid disease
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N: number of patients, SD: standard deviation, min: minimum, max: maximum
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Distribution of carotid artery stenosis and gender of patients
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ICA: internal carotid artery

###### 

Distribution of internal carotid artery stenosis and symptoms of carotid disease
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ICA: internal carotid artery
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Impact of risk factors
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ICA: internal carotid artery
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Frequency of asymptomatic/symptomatic ICA stenosis in patients with small (30-49 mm) and large (≥50 mm) AAA
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^\*^Chi-square test. ICA: internal carotid artery, AAA: Abdominal Aortic Aneurysm
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Correlation between symptoms and degree of ICA stenosis and average AAA diameter
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